Abstract
Introduction
Total Hip Arthroplasty (THA) is one of the most common procedures performed on Orthopaedic elective lists, and is considered to be one of the best medical innovations of our generation 1 . The concept of hip Arthroplasty started as a very simple rudimentary idea of excising the hip joint (excision Arthroplasty), through to fusion of the hip, to actual replacement of the joint surfaces with various artificial substances ranging from glass, plastic, pig's bladder, ivory, ceramic polyethylene (PE) and more recently to actual metal-onmetal hip replacement. There has been a dramatic rise in experimentation with these various elements as a result of the growing human population and the increased diagnosis of arthritides and other hip pathologies, with sometimes disastrous consequences for the patient 2 . In addition to that, there is also a recent growing increase in arthroplasties for hip fractures in fit elderly people, in many developed countries like the UK as a result of the NICE (National Institute for Clinical Excellence) guidelines and increased quality of life among the growing elderly population 3 .
However, there is a lot of knowledge and good evidence which has emanated from the recent improvement in the techniques and implants used for THA, which provided very good results and outcomes, as well as changing the life of many individuals afflicted with various types of arthritis. Hip replacement has been acclaimed to be a very satisfying operation for patients, with very good long term outcomes in many cases, but new problems and challenges are being constantly observed in many hip registries, as a result of the longevity of the prosthetic implants and the improved quality of healthcare in many developed countries; which leads to increased life expectancy of the individuals; therefore giving more time for the implants to last and perhaps reveal their weaknesses 4 .
Historical background
Anthony White (1782-1849) of the London Westminster Hospital, is believed to have performed the first excision arthroplasty of the hip in 1821, but did not make a personal presentation of this procedure (White, 1849) 5 . . Earlier in the 1900s, Murphy (Murphy, 1904) 10 and Eric Lexer (1867-1937) from Germany had described hip interposition with fascia lata (Lexer, 1908) 11 . A similar procedure was earlier described by Henrich Helferich (1851 Helferich ( -1945 for the treatment of temporo-mandibular joint OA 13 . Pig bladder was later suggested as a good inter-positional material by a French surgeon known as Foedre (born 1860), because it was observed to be strong enough to withstand the stresses of mobilisation and joint pressures (1896) 14 . William Steven Baer (1872 Baer ( -1931 , also popularised the use of pig bladder in the USA 15, 16. Around the same period, Sir Robert Jones (1855-1933) used a strip of gold foil to cover the surface of the femoral head; and reported that twenty years later, the patient had still retained full mobilisation of the hip joint 17 . 19 . This was designed to provide bone-implant movement both at the femoral and acetabular sides of the implant.
He designed a glass mold to be interposed between the femoral and acetabular surfaces, and also described the anterior approach to the hip which he used for this procedure; and started implanting the devices in 1932. However, he abandoned this procedure because the glass was breaking and there was mixed results among his patients; with many patients requiring revision to remove the broken glass. Smith-Petersen subsequently tried celluloid, Bakelite, as well as Pyrex; and later his dentist suggested Vitallium which had recently been introduced to dentistry at the time. He was able to implant over 500 Vitallium molds over a period of ten years with good results. This provided the first predictable result in transpositional arthroplasty.
The first surgeon to use rubber femoral prosthesis however, was Pierre Delbet . These prostheses were later abandoned in the 1970s for the Charnley models 27 .
Finally, it will be a disservice not to properly mention the great work and contribution of Sir John Charnley who drove the evolution of a truly successful operation in Orthopaedics, the modern Total Hip Arthroplasty (THA) 28 . He worked in Manchester Royal Infirmary, and is considered to be the father of modern THAs. It was Charnley who introduced the low friction Arthroplasty (LFA) in the 1960s 29 . This consisted of a metal femoral stem which had a small head to reduce the rate of wear on the bearing surface, a polyethylene acetabular component, and acrylic bone cement 28, 29 .
The concept and evolution of THA
THA is believed to be one of the most successful operations invented by the medical field.
About 700,000 hip and knee replacements are currently carried out in the USA every year, and this trend seems to be rising in the US and many countries 30 . Osteoarthritis of the hip is revealed that although THA has a better patient-based outcomes; however, it has a higher rate of dislocation than HA in these patients 31 .
Rahman and colleagues recently revealed a high success rate in reducing pain and improving hip function following THA in patients with steroid-induced femoral head osteonecrosis or AVN 32 . Although THA in patients with DDH prevents special challenges, the functional outcomes have also been found to be excellent; even though a higher rate of mechanical failure has been reported in this group of patients compared to other groups head-neck ratio, and excursion distance; which will determine the jumping distance of the femoral head, risk of impingement and any risk of dislocation 35 .
The second important consideration in THA is prosthetic component alignment; the recommended ante-version for the cup should be 15-30°, and the coronal tilt (theta angle)
should be 35-45°. For the femoral stem, an ante-version of 10-15° is generally acceptable 35 .
Soft tissue tension as well as adequate repair of the abductor complex and function are very important to the stability of THAs and will help to minimise the risk of Trendelenberg gait and limping. Pre-operative templating can be used to assess the head offset and neck length, so as to achieve the right soft tissue tensioning and leg length at the end of the procedure. This will help to minimise the problems of limb length inequality, which can make patients very unhappy 35 .
Approaches to THA
THA is one of the most common elective procedures performed in modern Orthopaedic 
Types of THA Cemented THAs
This involves the use of acrylic bone cement or similar substances to fix the femoral and/or acetabular prostheses to the bone. The widely acclaimed success of THAs was initially due to the invention of the cemented low friction Arthroplasty (LFA) with its very good survival rate 29, 37 . However, the survival rates of many subsequent cemented designs were less satisfactory due to early loosening as s result of poor implant designs and bad cementing techniques. These failures were initially thought to be as a result of the cement itself, and therefore this phenomenon was termed cement disease 4 . Cement loosening can involve the acetabulum, femur, or both, but early catastrophic failure is more commonly observed in cemented cups (acetabulums) than femurs 4 .
The technique of cemented THAs has evolved over the years and has progressed from first to third generation of cementing. The type and quality of bone cement has also been modified and improved in the last few years, so as to improve the long term survival of the cemented hips. These third generation techniques currently employed for cementing include porosity reduction by vacuuming; cement pressurisation, pre-coating of stems, rough surface finish and use of cement centralisers in order to prevent voids in the cement mantle during cement implantation. It is also recommended that the cement mantle should 10 have a minimum of 2mm thickness around the femoral stem, to allow for adequate fixation of the stem to bone 35 .
Un-cemented (Cementless) THAs
Un-cemented (Cementless) THA involves the use of femoral and acetabular implants which have been circumferentially pre-coated (for example hydroxyapatite coating), in order to provide bone in-growth or on-growth; without the need for bone cement. This can be porous-coated or grit-blasted, which are supposed to provide a strong biological implant fixation that is very rigid and prevents loosening of the prosthesis with time, especially in young active patients. There are different types of implant designs for both acetabulum and femur, and the femoral stem can be collared or collar-less; each providing different types of advantages.
The acetabular cup can be a coated metallic shell with a plastic liner, or ceramic liner. These implants have helped to increase the survival rates of THAs, in spite of the additional cost involved in using them [38] [39] [40] . There was a strong recommendation for the use of porouscoated cementless cups over cemented implants due to the previously reported high rate of loosening in cemented acetabular cups. As a result of this, hybrid THAs (cemented femurs and cementless cups) have recently become more popular.
However, in general un-cemented (cementless) femoral stems are more favoured in fit young patients, due to the previously reported high rate of loosening of cemented stems in this category of patients 35 . Although there was initial apprehension on the use of cementless prostheses in rheumatoid arthritis patients due to a perceived high rate of mechanical failure in these patients, recent evidence suggests that there was no significant difference in the overall outcomes between cemented and cementless prostheses in rheumatoid patients 41 . Other workers have also recently shown very good medium term outcomes of cementless THAs in a cohort of patients with Paget's disease; with 84% of these patients having excellent outcomes after 79.4 months of follow-up 42 .
11 In view of this, more time is required to follow-up some of the newer versions of cemented and cementless prosthesis to see whether they will stand the test of time 46 . A recent review of the survival rates of un-cemented acetabular mono-block cups in two hundred and ten arthroplasties in a Swedish registry revealed good medium term survival rates in the two different implants reviewed. However, there was no sufficient data to allow for a conclusion of the long term survivals of such implants and therefore more time was suggested to follow-up these patients 47 .
Discussion

Outcomes and Survival measures
Although there has been widespread anxiety about the systemic adverse effects of metal- radio-lucency in all 3 zones, progressive lucent lines in zones 1&2, or a change in position of the cup 35 . Femoral loosening is assessed based on involvement of the seven Gruen's zones, starting from the greater trochanter (GT) going anti-clockwise towards the lesser trochanter (LT) (Miller, 2004 ) 34 . The risk of aseptic loosening has been recently linked to bone quality and the severity of defects in the bone 49, 60 .
Intra-operative fractures can happen while preparing the acetabulum or femur. Acetabular fractures can happen especially in cases with protrusion acetabuli or inflammatory arthritis, and can be made worse by aggressive reaming on the medial side of the acetabulum. If this 13 happens, there may be need to use bone graft or augments before implanting the prosthesis. Femoral fractures can occur during reaming or broaching of the canal, especially in osteoporotic bones; or while trying to reduce the replaced femoral head into the acetabular socket. These fractures can occur around the calcar or the GT and can easily propagate down the femoral shaft. In this case, the fracture must be fixed with wires before cementing the femoral prosthesis, in order to avoid propagation. The patient may need protected weight bearing in the immediate post-operative period for a few weeks to allow the fracture to heal before full mobilisation commences (personal experience).
Peri-prosthetic fractures are fractures which happen around the femoral stem of a THA or HA. The prevalence of these fractures varies from 0.1-4%, and is thought to be higher following revision THAs 50 . These fractures have various classifications, which include the Vancouver classification. They can occur a long time after the operation and are usually associated with falls or trauma, but may also be caused by loosening around the femoral stem, or stress rises from previous surgery or screw positions. The management depends on whether the femoral stem is loose or well fixed, and is also influenced by the general mobility and health of the patient 50 .
Cementless implants are usually associated with peri-prosthetic fractures within the first 6 months after surgery, while their cemented counterparts have peri-prosthetic fractures late; up to five years following the operation 35 . The treatment of these fractures may be conservative for undisplaced fractures, ORIF with plates and wires in displaced fractures with well fixed stems, or revision to long stems to bypass the fractured site if the stem is loose. The final outcome depends on the fracture union, implant stability, early functional recovery and return to pre-injury independence 50 .
Heterotopic ossification (HO) is the formation of ectopic bone in soft tissues usually around the hip following THA. The risk factors include hypertrophic OA, Ankylosing spondylitis, diffuse idiopathic skeletal hyperostosis (DISH), post traumatic OA, previous hip fusion, previous involvement of the contra-lateral hip, direct lateral (Hardinge) approach to the hip and previous HO. It can be prophylactically treated with low dose radiation and NSAIDs 35 .
Infection following THA is seen in 1-2% of cases from many studies and between 7-16% of revisions is carried out because of infected hips 30 . This can be acute, sub-acute or chronic, Osteolysis or cup wear is one of the most common and difficult problems in THA. This represents a histiocytic response to wear debris which has several sources such as the polyethylene (PE), metal debris, ceramic debris, polymethyl-methacrylate (PMMA) or bone cement, and hydroxyl-apatite (HA) particles. Because PE is softer than the other materials, it is considered to be the commonest source of wear debris due to the volume of debris it produces. As a result of particle ingestion by the macrophages, they release osteolytic and pro-inflammatory factors which assist in bone dissolution or lysis around the implants, leading to micro-motion and further generation of wear particles. Subsequently, this leads to more lysis which allows for implant macro-motion, loosening and pain 35 .
Limb length inequality (LLI) following THA can be a source of distress and anxiety to the patients, especially if it is more than 2cm. This can result from problems with the femoral neck offset, femoral cut, or defect in femoral prosthetic implantation; and may be exaggerated by pelvic tilt or abnormal posture. Mild LLI may be corrected with shoe raises or wedges, but more significant ones may require revision of the femoral implant to adjust the length.
15 Systemic metallosis has been described following M-o-M hips especially in hip resurfacing.
As a result of the growing use of these metal-bearing surfaces, there has been increasing anxiety on the effects of the metal irons in the local tissues and systematic circulation, and these have been linked to an increased risk of neoplasia in future following the use of metal implants in joint replacements 51 . Adverse local tissue reaction to M-o-M hips has also been described in a series of patients who had large head M-o-M THAs 52 . High concentrations of these metal ions which include cobalt, chromium, nickel, titanium and molybdenum have been recently described in a systematic review of cases. Therefore, in view of the local and perceived systemic effects of these metals, many people are apprehensive and even careful to use these M-o-M implants, and clinicians are therefore advised to weigh the pros and cons and use their clinical judgements to choose the best implants for their patients 53 .
Squeaking is commonly seen in ceramic-on-ceramic (C-o-C) bearing surfaces, which are increasingly used more recently because of their hardness and ability to provide a smooth bearing surface very similar to the native hip joint 53 . Although squeaking is harmless, it may cause some anxiety and distress to patients, which may lead to the need to revise the prosthesis even in the absence of mechanical failure or infection. Squeaking has been described in 6% of a series of patients who had C-o-C implants 54, 60 . This started happening in an average period of about 20 months post-operatively, and was not associated with pain or functional impairment on the patient. It was associated with different types of activities such as walking, bending, climbing stairs, and was constant in 25% of the patients reviewed 54 .
Recent advances in THA
Minimal access or minimally invasive surgery (MIS) for THA is becoming increasingly popular because of its obvious advantages of minimal soft tissue stripping and dissection, quicker recovery following surgery, as well as early discharge and return to normal activities.
This has been linked to a better and more controlled physiological response of the body to the surgical trauma, as compared to conventional or open surgeries. As a result of this increasing popularity of MIS THA, short and smaller femoral prostheses are being designed and now frequently used as they allow for easier and smaller surgical approaches, and also 16 preserve more bone stock than conventional femoral prostheses which are longer and bulkier 55 .
However, both conventional and short stem femoral prostheses can be used for MIS THA with satisfactory outcomes, therefore; the selection of these prostheses should be based on other factors such as patient's age, bone quality, type of pathology being treated, and of course the preference of the surgeon who is operating 55 . In a recent systematic review regarding the effect of MIS THA on the patients' outcomes, it was revealed that MIS is safe for hip replacements and does not increase the length of the operation once the learning curve is achieved. Also, it was observed that MIS was not associated with increased blood loss, rate of complications, or rate of component mal-position compared to the conventional open techniques 56 . Similar results were also published following minimally invasive direct anterior approach (DAA) combined with navigation, which led to more accurate implantation of the prostheses and also spared the need for extra assistants in the operation therefore, leading to savings in the cost of surgery 57 .
Computer-aided (CA) THA has also being introduced and is currently tried in many centres across the word. This entails the use of computers for templating and navigating the cup and/or stem placement, which requires some training to achieve a sufficient level of skill, and it, is often combined with MIS. In view of this, computer-aided surgery (CAS) for hip replacements is currently having increasing popularity because of its potential to increase the accuracy of implant placement, which can reduce the rate of complications like dislocations and impingement 56 . A systematic review on the value of this technique revealed that although CAS increases the operating time, it was still observed to show an average decrease in blood loss during the procedure, in addition to decreased complication rates compared to other conventional forms of surgery 56 .
Another review of one type of CAS using an active robotic system (ROBODOC) which was used in femoral cavity implant preparation revealed better stem alignment and less variance in LLI, decreased incidence of pulmonary embolism (PE), as well as less stress shielding than the conventional technique on Dual Energy X-ray Absorptiometry (DEXA) scan analysis (Sugano, 2013) 58 . A meta-analysis of five trials involving four hundred patients revealed that navigated hip implantation for THA helps to optimise acetabular cup placement and reduce 17 the risk of complications and subsequent failure. However, there is still insufficient evidence regarding the long term outcomes of this technique, as well as the overall cost implications of using navigational tools. Therefore, more research is needed to support these findings (Beckmann et al, 2009 ) 59, 60, 61 .
Conclusion
This review article has demonstrated that THA has evolved over the century from a very simple operation for hip osteoarthritis, to the very high-tech minimally invasive computeraided surgery currently undertaken for a wide range of indications including trauma. It is one of the most common Orthopaedic procedures undertaken throughout the world, and has demonstrated its true versatile nature and excellent outcomes. In addition to that, it is easy to learn, and the patients are often very happy for 'getting their lives back'. However, like any other surgical procedure; occasionally complications arise, which may end up with disastrous consequences.
